Monocyclic compounds bearing ketone and enone moieties in the same molecule can be cyclized to bicyclic compounds initiated by samarium diiodide. The stereochemistry of the products depended on the reaction conditions and also the protecting group of the hydroxy group existed in the molecule. A cyclization mechanism is discussed.
Botrydial (1) and norbotryal acetate (2) are representative botryane sesquiterpenoids produced by the fungus Botrytis cineria [1] . This is known to damage various vegetables and fruits, while the biological properties of these metabolites are not known in detail. Synthetic works on these compounds have not been reported yet. We have been studying reductive cyclization reactions [2] affording guaianes [3] , hydrindanes [4] , perhydronaphthalenes [5] , and other bicyclic systems using samarium diiodide (SmI 2 ) [6] . Organo samarium chemistry has been widely studied in detail [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] . Using samarium diiodide, monocyclic compounds having both an enone and a formyl group in the same molecule such as 3, without chiral centers, can cyclize into bicyclic compounds, such as ketol 4, bearing three consecutive chiral centers [4] . Thus, this is one good method of preparing hydrindanones and we have attempted to use this reaction for the synthesis of norbotrydial acetate (2) . Now, we report our effort to prepare a skeleton of norbotrydial acetate (2) in detail.
The precursor for the cyclization reaction was prepared from 5methylcyclohexane-1,3-dione (5) with 4-methylpent-3-en-2-one (6) in the presence of either lithium or zinc salts under reflux (Scheme 1, Table 1 ). In entry 1, LiCl was used in dioxane and the mixture was refluxed for 48 h to afford three products, 7-9. The structures were determined by spectroscopic methods. This is a kind of Michael addition of the 2-position of 1,3-diketone to an enone. Because compounds 7 and 8 can be used for the next steps, suitable reaction conditions, including additives, were investigated. In the case of Zn salts (entries 4, 5 and 6), only compound 7 was formed in 33, 26, and 11% yields, respectively. Because separation of these three products 7, 8 and 9 was a cumbersome task, this condition (entry 4) to give a sole product is advantageous for the synthesis.
Compound 7 was treated with LDA and NCCO 2 Me to give ester 10 (76%; cis:trans = 1:4), which was reduced by LiAlH 4 followed by acid treatment for ether ring opening and isomerization to afford a single precursor 11 (67%) for cyclization. The silyl protected keto-enone 12 was also prepared for the cyclization (Scheme 2). Scheme 1: Synthesis of a precursor 7. The free alcohol 11 was treated with SmI 2 in THF with or without additives ( Table 2 ). In entry 1, without additive, products 13a-13d were obtained, 13a being the major one (Scheme 3). The diastereomeric mixture 13d was difficult to purify to a single compound. With MeOH as a proton source (entry 2), 13a and 13c were produced in the ratio of 1:1, with the same amount of the starting compound 11. However, with either HMPA or H 2 O, the reaction resulted in a complex mixture. vic-Diol 13c could be converted to 11 by NaIO 4 oxidation.
The structure of 13a was established by analysis of the spectroscopic and mass spectrometric data. A quasi-molecular ion peak was observed at m/z 241 and the formula, C 14 H 25 O 3 , was deduced from the HRMS. 2D NMR spectra suggested that this compound was a bicyclic keto-diol, whose planar structure was shown as depicted. The stereochemistry was determined by NOESY. An NOE between H-5 and H-9 clearly showed that a hydrindane ring was cis-fused. When H-5 and H-9 are oriented to the -side, the hydroxymethyl group at C-1 should be -oriented, because H-5 and H-1 had an NOE. An NOE between H-2 and Me-8 was observed to show that these are both -oriented
(1, 2 trans stereochemistry was demonstrated for compound 11). Compound 13b was an over reduction product of SmI 2 . A hydroxy group at C-4 was -oriented, because an NOE between H-4 and H-5 was observed. Silyl-protected compound 12 was next subjected to the reaction with SmI 2 under the conditions shown in Table 3 (Scheme 4). The substrate seemed unstable and the reaction with additive gave a complex mixture. Although the yield of 13e and 13f were not very high (13g and 13h were still a mixture and not analyzed), they were useful for the synthesis of 2. Compound 13e did not isomerize under treatment with K 2 CO 3 /MeOH, while 13f isomerized to 14.
The trans-fused hydrindane 13e was reduced to the desired acetate 15 in two steps, while the cis-fused hydrindane 13a afforded 13b, an undesired product. Therefore, compound 15 must be a good intermediate for the synthesis of norbotrydial acetate (2) in several steps. Samarium diiodide reduces both carbonyl and enone moieties of compound 11 to give a radical species A coordinated to two samarium atoms (Scheme 5). The preferential reduction of the enone moiety was already shown in some reactions [21, 22] . The C-9 position can be attacked either from the -side or the -side by changing the conformation from A to B; conformer B seems unstable due to separation of two oxygen atoms which coordinate to the samarium atom. Thus, the radical attacked from the -side followed by protonation from the -side to afford cis-hydrindane. However, in the case of compound 12 the silyloxymethyl group must be large and far from the reaction sites. Both carbonyl oxygen atoms coordinated to samarium atoms and the resulting radicals Scheme 5: Plausible mechanism of cyclization reaction. make a bond from the -side to afford a trans-fused hydrindane after preferential protonation from the -side.
There was a remarkable difference between compounds 11 and 12 in the stereochemistries of cyclization products. This was due to the difference of a preferable conformation in the transition state [21, 23] . Compound 12 showed as a good candidate for the synthesis of norbotrydial (2) . Synthesis along this line is in progress in these laboratories.
Experimental
General: All reactions were carried out under an argon atmosphere. Anhydrous solvents were purchased from the Kanto Chemical Co., Inc. Reagents were purchased at the highest commercial quality and used without further purification. The IR spectra were measured on a JASCO FT/IR 500 spectrophotometer. Mass spectra (CI, CH 4 ), including high-resolution spectra, were recorded on a JEOL JMS-700 MStation. 1 H and 13 
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